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ABSTRACT

A STUDY OF APIN-PROTEIN INTERACTIONS USING PROTEIN MICROARRAY

Joo-Cheol Park?, Sun-Hwa Park*, Heung-Joong Kim*, Jong-Tae Park?,
Seong-Ho Youn?, Ji-Woong Kim?, Tae-Yeon Lee?, Ho-Hyun Son?*
‘Department of Oral Histology, College of Dentistry, Chosun University
Department of Conservative Dentistry, School of Dentistry, Seoul National University

Protein microarray or protein chips is potentially powerful tools for analysis of protein-protein interac-
tions. APin ¢cDNA was previously identified and cloned from a rat odontoblast ¢cDNA library. The purpose of
this study was to investigate the APin-protein interactions during ameloblast differentiation. Protein
microarray was carried with recombinant APin protein and MEF2, Aurora kinase A, BMPR-IB and EF-
hand calcium binding protein were selected among 74 interacting proteins. Immortalized ameloblast cells
(ALCs) were transfected with pCMV-APin construct and U6-APin siRNA construct. After transfection, the
expression of the mRNAs for four proteins selected by protein micoarrays were assessed by RT-PCR.

The results were as follows:

1. APin expression was increased and decreased markedly after its over-expression and inactivation,

respectively.

2. Over-expression of the APin in the ALCs markedly down-regulated the expression of MEF2 and
Aurora kinase A, whereas their expression remained unchanged by its inactivation.

3. Expression of BMPR-IB and EF-hand calcium binding protein were markedly increased by the over-
expression of the APin in the ALCs, whereas expression of BMPR-IB remained unchanged and expres-
sion of EF-hand calcium binding protein was markedly decreased by its inactivation.

These results suggest that APin plays an important role in ameloblast differentiation and mineralization

by regulating the expression of MEF2, Aurora kinase A, BMPR-IB and EF-hand calcium binding protein.
(J Kor Acad Cons Dent 32(5):459-468, 2007)
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organ)E #43te] WHEAE (ameloblast) 2 £33}]
WA 4an, g BAMEE AT (dental
papilla) & FAst] FolRAE (odontoblast) et XA
X (pulp cell 2 B3sla] AoldT) 2|52 FAFT.

Dey %% fi?ﬂ FHEY E2EAXE (calvarial
osteoblast) ¢} |5 Ml (dental papilla cell) oA & &

7] ot A O}E/‘ﬂ_]_oﬂ/ﬂ SolsH| == 0D314
TS dotRA 2] F8le} dotd FAG o Aot
£ AR Hustgith o] §3A= Solomon 5Vl <3
4342 E% (calcifying epithelial odontogenic
tumor) A4 amyloid A A E2] FH|AEA E2]¥ APin
et edd Aoz Yeig. 4 572 0D314
(APin)7} 1540h] :eAbs S4dshe 1 7]%50] ¢#lA Al
e M2 FAzE F2 Axdd ZA18H, mRNAS
I 3 Do) AJolRA oA AegFoz Wi Tt
SIATH E AR XAl 2] E3l#gellA OD314 (APin)
E X FAZ7) AotRA LR B3lele 27] Ao i
o] 1 o] fAET7} A3 sla oA oS Skt
BastgEd, of2g AHde OD314 (APin)7h gotde]
A 3]sty of] Beddhs vepdith

F 2ol v T2 ZolREA X FsH oA 0D314
(APin)®] &l that AT o)A AdotrE-5o] <
A2 21E 0D314 (APin)7} 2o} Sy el A AFobi
AIE E opet HEEA R E wddrt dlo] OD314
(APin)9 HZd FAdA Y q&E AT Z 2
Aung & 99 SolfHdAE AAs AP1n° A
FoA ZstA ddEtn Eastd
Moffatt 5% APin®] %E 2o &1
0.7 o}y § ofe} A
Hlﬁd%‘ﬂm- Ei=
thilz e g EAAL I TE gz
Vs TR @A (protem chlp)% o]
tein mlcroarray~ ‘?_‘rli Aol Ao FasHA A
A71eg Ao At 2 biomarker @&, T
2 7lsdT, S FsAgAT, At & Ur
&S 73 glo o}, oFgt At
HeatA o]l &3 oY, whetA] D}““X]X 73:
APin® protein microarray= APin 3% 283}
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oA+ protein microarrayg ©]-&-st] APin T
< A S YERd 74709 e A FojlA ZJof W ﬂ o

A3gt Ads e AARIAY 231 FEAAES A9
t}. MADS box transcription enhancer factor 2
(MEF2)"'"®¢} Aurora kinase A" ¥4 A4
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(tumorigenesis)Z+ 54 (tumor proliferation)ol A7}
ol AARIARe] 31, bone morphogenetic protein recep-
tor IB (BMPR-IB)"*""= thekgt 7]#he] A4 o 3o
s}al, EF-hand calcium binding protein'®?& theFgh Al
E=9] M35t (mineralization) ZHgo] dHd Aoz &
A A

RNAi (RNA interference)= 54 fr3ate] 2d< 9
Al (inactivation) .24 Uehthes 835 #Aste] 9o
2 1 7)%E F43te 97 YHeR, siRNA (small
interfering RNA)E ©]-&3lo] Mg Eo|2 o7 mRNAS]
ol et =m whld 33 Abdela 1 A% {4
Ape] & ZH Aeshe HAl 7ot B AddA e
A 5o Wl 9sle] APin frAAte] HEE AT 5
E U6-APin siRNA construct¢ APin 448 ht
(over-expression) A2 < 3= CMV-APin construct
A2} T HIF A £ transfectiondhi o

£ d5= protein mlcroarrayE E3}le] APin 923}

FeAgsle 9AES AE T oAby e #
dAS FAlo7 N3l MEF2 Aurora kinase A,

BMPR-IB ¥ E-F hand calcium binding protein &<
APin-2h1 432 8S HYPRATF0) 43 fAA ¥

A 28 Fao] BRsHA 9.

I. 7z o

=

1. APin Z{=g} CHHZE (recombinant protein)2
StA
Ho

APin A& il o] g 7% Al g3 FY
g o= et HA S aokstd oha 2ot

AHeE 1 2 ulS B, coli BL21 (DE3)9}F pLysS
(pRSET-APin) = AH&-ste], Tl 1 L LB HiA| 4
100 mi wiFl-S A F3t] OD 600°] 0.4 - 0.6 Ale] =&
Al HFF=7F 1 mMo| ®l%=% isoprophyl-8-D-thio-
galactopyranoside (IPTG)E #7}ste] 3 - 6A1ZF wlj kst

ATt Cell lysate 8= Ho] ¥ Al E A2
< lysis buffer (50 mM NaHzPO4, 300 mM NaCl, pH
8.0)¢] 27] Hjeke) K1) div] 25 - 508l = F5, dE &,
A% 57} 1 mg/mlo] F %= lysozymes 74\3] ‘} = 44
welate] A S 3 4ate]

Fast protein liquid chromatography (FPLC)E °o]$
g HA24-& Ni-NTA cloumnd] 10 nie] ME& F943}
3L, binding buffer® 0.5 ml/min, 3 CV&<t His-Tag @
WAS resindl Z¥AIZAtE. Washing buffer® 0.5 ml



/min, 3 CV&<t &2 non-specific binding protein< A
oJWth. Washing buffer®} elution bufferZ gradient®
0] imidazole ¥=E A1413] S7M7IHA His-Tag &
WS FEaUd. d5d A @A e 50
mM NaH2POs (pH 8.0) bufferg °]-8-3to] 4ColA 24
AZF dialysis 3F$AT}. Dialysis &, A4 @2 2lslo]
B &S AASE 22 sized] bande size cut-off fil-
tratione E3l F71= AAE At

2. Protein Microarray

™ (Invitrogen Life technologies,

ProtoArray
California, USA) kitE AH&-3t] protein microarray s

REET LS

1) Blocking

AAE A (50 ug/ml) 120 ME vortexing §10] &
4191 % protein microarray 23 mailerg 4¢Cel 15
E2F fA18k T Chamber Stll microarrayE ¢l 2 &8
| %2 % 25 ml blocking buffers ¥H-S w2} Yol cold
room®l| 4] 1At v e¥alith. Mailer AIA F wipe 9]
array?] €5 AA3] A SRt 212819

)

2) ProbingZ} washing

Protein (50 wug/ml) 120 W array membrane®] 71|
Hoz ZuF ¥ F hybrislip cover slip= array
membrane area®l] @A, 50 ml FE| array’t A& &
=5 shal Yol 7S 21 tapping ¢ & g 37
glol 4t 1A17F 30%3E Tt 50 ml FEOAA arrayEs
AW D&HolA wjtE chamberstel] APAWgEo 2 Q&
< 25 ml probing buffer& 2°] arrayg A3 &&
hybrislipe A A¢ & chamber raildll arrayE 2t
t}. 25 ml probing buffer& chamber ¥Hol| Ho] I3
oA 137t v ket 3 A48 33] meh7] & sk

3) Antibody * ]

Probing buffer®t Anti-His-Alexa Fluor 647
AntibodyZ 0.3 ug =& 25 mlE chamber BH < w2}
gol G A& ffollA 3083t vl &t

4) Washing®} drying

25 ml probing buffer® chamber HHo] Hof A&
oA 133t wiket & HHe] 33 w7 & sigich. Het
d 50 ml FEO arrayEs FaL 800 X g2 YAEEAR]
The Shalol|A] 1A17E Bt vl et + scans aHSiTh.

_CH
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3. APine| it ml WEAKX| constructel & %
transfection

1) Construct A2}

APin 4 construct®] A2 APin®] open reading
frame (ORF)2 X&3l= cDNAE 28 Al & vector
2l pcDNA39] EcoRI A&t F-9fof &4 il g whgko.
2 AAIZ F potent cytomegalovirus promoter
(pCMV)E F2AA constructE A28

APin &A constructe] A2 7 579 WhHoz
A Zek APin siRNA constructE A|2Hste] Ao o]-g-3}
k.

2) WREAN T vl 3 transfection
Dr. SugiyamaZ§-H © HYRAELF?E 5% fetal
bovine serum (FBS, Gibco BRL, Grand Island, NY,
USA)3 &AA (Penicillin 100 U/ml, Streptomysin
100 wg/mi, Gentamycin 50 ug/ml 2 fungizone 2.5 ug/
ml)7} ¥-F¥ Modified Eagles Medium (MEM, Gibco
BRL)®l epidermal growth factor (EGF, Sigma-
Aldrich, St, Louis, MO, USA)E 7t type | col-
lagen®] A 2l¥ i FHAI oA B} F<b wjFatih,
w2 AlE7E Al 70 - 80%<] HAZMA] F4] ¢
A& &Q13 T Lipofectamine reagent (Gibco BRL) %}
plus reagentdl| ZtZt CMV-APin Z2t40| =9} U6-APin
siRNA Z&t~v|=8 £8¢ ths OPTI-MEM (Gibeo
BRL)S Y #j7]olA 37C, 5% CO28] 2SR 5 -
TAIZE vlFsldtt. 1 & 5% FBSS} ascorbic acid 28] 1
B-glycerophosphate’} E3Hd MEM wijkel-& A7} g o}
o 714 SFF ket T Trizol (Invitrogen) &
HE o] &3lo] 747l M 2ol F RNAE FE3th. &
RNA9| % spectrophotometers ©]&3sto] & 23t th-g
20ug A 2338t -70°Ce Bt

4. RT-PCR

RT premix kit (Bioneer, Daejeon, Korea)& ©]-§-3}<]
frist strand ¢cDNAE @43t APin, MEF2, Aurora
kinase A, BMPR-IB, EF-hand calcium binding pro-
tein? B2 glyceradehyde-3-phosphate dehydroge-
nase (GAPDH)9] 5°]4 primerg °]43t9 PCR %
< APt (Table 1). PCR 95Tl 30%, 55Ce
A 30z, 72CA 30%2 2o R 334k S AldES
T}, PCR AAELS 1.5% agarose geldl|x] 7] E3lo]
T2 HEd E glst Tt GAPDHE PCR 34| posi-
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Table 1. Nucleotide sequences of the primers used for RT-PCR

Proteins Primer sequence (5 - 3) size (bp)

APin S ccagcaggctagtectatgtectatgtgg 608
AS cgegtegacatgagatcagtg

MEF2 S aatgtcactgcctggeaaca 378
AS tcatcceggteteccgteteata

Aurora kinase A 5 gitgaagatigeagacticgggty 427
AS cegtggttcaggattecctaagat

BMPR-IB S gggttggtgtcactggtaggatta A76
AS acctgacagatcagatgcttecte

EF-hand calcium S gaaggagacagccaatcagatceca 499

binding protein AS cgtagatgacgaaggttaggccat

GAPDH S accacagtccatgccatcac 452
AS tccaccaccetgttgetgt

tive control 24 AFE38I T} Fold induction #t< den-
sitometer & 33 & GAPDH #3} vlwslte] 1 2thA
T2 & YR AT

1. APin R{z=gf chedEl o] oty

AAE APin ©AL oF 1 ng/ml] FEE AojF L,
SDS-PAGE ¥43} 6X-His tag antibodyZ AM&3ho]
western= A &ste] =)

2. Protein Microarray

B Ao e 222 919l nitrocellulose’} coating® o]
A= NC slided = AHEsTh 349 e dude
gateway system 2% full length clones THEIL insect
cell& o]&3st] WA AT, Aitele BE i dE olu-
tathione s-transferase (GST) tags 7FA 3L 317] wj&ol
GST column< °]&3t9 #2late] pin spot H o=
spottingdt¥

Figure 12 APin ©¥4-& probeZ ©]43+ protoarray
A8 435 Yehd ot APing Adshs ©ld Fo
A Z-score (7 ratios and Z test statistics) #te] 3 ©]
e 74709 S-S FsPdo] e eA R Uds)
(Figure 2). 2L 3ol APind 7153 &0l & A
A7 ¥ = MEF2, Aurora kinase A, BMPR-IB¢ EF-

Hd

o
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hand calcium binding proteing &

3. APine| mfat&imt

pCMV-APin constructE transfectiondte] APine| 2}
TS Fg 49l APine] o] Felo] FriEgle
1}, U6-APin siRNA construct transfectiondte] APin
B AAA 7 A Sode APind #AHA gt

(Figure 3).

4. APin2| mfetsint

BEAESE T

ATt

of ] 7]#e] A3} #o] Sl BMPR-IB9F 413]8} 7}
ol d#¥ EF-hand calcium binding protein APin
o FHE L F523 4 9o= BMPR-IBY EF-hand cal-
cium binding protein EFellA o] Wo] 7} e
th, APing @A A7l 7 $ell= BMPR-IBE W37}
$1%3L, EF-hand calcium binding protein< @A3| 7+
aste] o] o itk (Figure 4, 5).

AL

£3 A% § BE

1Atk (Table 2).

rir

FTolA TFRT S AT
A= MEF29 Aurora kinase A= CMV-APin construct
€ transfectiond}] APin¢l Zhd
MEF2¢} Aurora kinase A & 5ol @&o] dA 3] 7+
23819 th. U6-APin siRNA construct® transfectiond}
o] APin® 2AIAE #

=8 A9t

ke v
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Figure 1. Detection of the APin protein using protein Figure 2. Relative affinity ranking with the APin protein.

microarray.

Table 2. Four high expression proteins are related to the functional characteristics, such as tumorigenesis, organ

development and mineralization

Order Z~Score Proteins Function
14 7.92155 MEF2 - coregulator for myogenic cell proliferation
- tumor proliferation and tumorigenesis.
29 5.39477 Aurora kinase A - overexpression and amplification of
human tumor
51 3.57965 BMPR-IB - organ development
13 8.17742 EF-hand calcium - regulate cellular activity and mineralization
binding protein
Marker Control Over Inact Mock
L

Figure 3. RT-PCR amplification of the APin in ameloblast cell line after over-
expression with CMV-APin plasmid and inactivation with U6-APin siRNA.
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Marker Control Over Inact Mock

Figure 4. RT-PCR amplification of MEF2, Aurora kinase A, BMPR-IB and EF-
hand calcium binding protein ameloblast cell line after over-expression with
CMV-Apin protein plasmid and inactivation with U6-Apin protein siRNA.
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Figure 5. The amplification for the APin reactions in control, over-expression, inactivation and mock
groups. The relative amounts of MEF2 (A), Aurora kinase A (B), BMPR-IB (C) and EF-hand calcium
binding (D) mRNA after normalization with the amounts of the GAPDH mRNA. The results were
represented as means + SD of three independent transfections. Con, normal ALC; Over, APin over-
expression; Inact, APin inactivation: Mock, ALC expressing empty vector.
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A RS tig B0l FolA| L glout, HERA L)
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A5 7]19101 ma—uxﬂﬁb Hekd A 72k A7) o3

(presecretory stag ), ] 7] (secretory stage), 447
(maturation stage)®l Al A|7]2 Aoz FHHET
278 _Eu]xdﬂ ol W33 (inner dental epithelium)
7 HERAER Tolete] ld A7) FE EEAIA F

7] }%75:_ (organic matrix) wHE FH|SCE EH]7] W
BAEE Tome s 5718 S 02 af1 A3 A4 o
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2 i E e A —r7]7‘] Al Bagh o2& %
_]‘1 —\%Eﬂ_@_ng 33).

FTo|| B} 5L Aol E-Eo] QxE BH1ud 0D314
7F Ao} WA I of| A Aol A E B ol el R EA 2
T dddga sl 0D3149 HFA PAoM e G
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Hoha stk
E Ao Alge HFRA T A EFE Nakata 50l
C57BL/6J mouse/] 3?‘11} Ao A& HEFRE &
3t ff2E 9 g ZelA o ‘ﬂJ_E | Fat A2

Eo] HEF LA x| %"é% Hole A& RT-PCR ¥4 & &
ato] EQ1gk Al Zoltt, B AN W RAZ A EF
U6-APin siRNA construct®t CMV-APin construct®
o3t APin® A THAA S freatiitt. APin
o IS FEal%lS W APin® '2do] Felo] Sy
Aot APine 2dS 94| A7l %ol APin mRNA
o Wo] #AHA Bk}, ole HPFRAE A EF ﬂH
0}04 APin®] Zhd zh W A7} RO o] FolHa
< ekt

o] )\]fﬂoﬂ /\1‘— ]:Ly].x] H31% APin T}]—HHXM’WQ] AL:@—_Z}

4% A3l protein microarrays A& atic,
A& 1 54% E vE vl AsAeE B9 17w
< Fster eNdP e dd J5Ae-S EAetet)
7P A W F9] shdoltt, el e £ Afe] o
S 2 A ndE FATPEA o R whulg o] At
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2 BAeke A% A7 s AN Baaa
YA FYHo] ek AR E FaRe] o]
S qHd A g e A Aog YRR STol=F

gk 4719 freju EefEo] o] 8Hn B dAfelxe
Zek29l nitrocellulose”} coating®131E NC slide?]
= AMgsket A BE dlE-E gateway system S
2 full length clones &1L insect cellS ©]&3fo] wal
AFT AtEe BE @Ae GST tage 7HL I
wizo] GST column= ©]&3t] w23kl pin spot 4]
© 2 gpottingdtit}.

B Ago)A APin @A S probeZ ©]-&3k9] protoar-
ray A8< ¢ A%, APin% Z3fsle @A FollA Z-
score #°] 3 ool H& 74709 ©eid F Fslde] 7
SPHA 159] G #ilo] A= o] did = (MEF2,
Aurora kinase A, BMPR-IB®} EF-hand calcium bind-
ing protein)& 4314

MEF2& &5-5°] 42 muscle-specific genes)<]
-5 24 8= MADS-box transcription factorg %3¢
g MEF2%& A wioke] carcinoma P19 Al 29| &
st g SOl o] S HE A, EF SSAEAME
I Wgo] S7PYep] Wi S5A2Y S T4 F
A AR Agsthe A o2 AR,

Aurora kinasee AXEEe] dHzAIAE gld
serine/threonine kinases YER™ Aurora-A, Aurora-
B9} Aurora-C kinased] 33#F= &R, Azt v
Sk Mol A 1 Tl FrbElo] dAxet HHE W
Axe] @] FoJdtH? . Brown 573 Carvajal 5
< transfection A &4 Aurora kinased] ZH&do] <4
(malignancy)@} #&e] ¢17] wjitel| o]E kinase] <Al
£ B3 A5 485 LAl

= AgoM e FEAE] S43} Bdo] 3= MEF2¢t
Aurora kinase A= CMV-APin constructE transfec-
tiondtd APin® AL FE3 Afole & EFA
wao] &A3] 7H4351 k. U6-APin siRNA constructS
transfectiondte] APine] FdAAE Fxd Z5de =
B sl g%l APin Zhddo] MEF2¢} Aurora
kinase A9 TS JAlete AC2 Hol APine YR
AxEe] 2T oA MEF29F Aurora kinase A9 985
HAlshe Ao 2 Azter,

BMP+ zobdgolu} =g (hair follicle) ] WAz} 2
-GG ek BRI A2 E3het &
AS A A Ft] BMPES Al EAME, 542
w35 fEsted ol 44 e B F /Y
BMP receptorsel &J3 4=t BMPR-1BS} -1I+= o}
BA Z A Eelo] Hof| Bkste] BMPR-TAS} -1+ W&
A ol A gl AT

]-E
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EF-hand calcium binding protein parvalbumin- A
7 257 AZA AN BEEHA AFE ol $ovt
# ol immunogold cytochemistry™ell €3] Al Zv &
= FIgozn Aot A Fete] 433l (mineral-
ization)el] 1] o] AP, E5te2 HFEA
FoA parvalbumin Tome s 719 &4 Z7]de Al
XO| 9o HAH T} E7] FAdo] ghauEW AE A
o 1% HAG, FEEI FeE WEEA XA par-
valbumin®| &L T UEhH, #3151 Aot
Al Zell = WA 2ol M Ee} o ofsl/] TdHT T Y
o] st glo] Fad JS sk tuftelin® EF-
hand calcium-binding domain 2+t

AopdrAal 22 7)o M M3 siel Ho] Yl
BMPR-IB¢} EF-hand calcium binding protein< APin
o BAH S FE Aol BFolA wdo] Bol S/t
Ao, APing EdAA] A7l 7= BMPR-IBE ®
37} 9192, EF-hand calcium binding proteine & 4]
3| A2atglth. & d7elA APin 284 BMPR-IBS
EF-hand calcium binding protein®] #&o] Zo| Z7}3t

+ A& APin& BMPR-IB¢} EF-hand calcium-bind-
ing protein®] G&= FHAIA X|o}gd L7l WA
Fold el A3iglof Hofgith= S YAl

AT 472 Hol APin ©¥d& MEF2, Aurora
kinase A, BMPR-IB, EF-hand calcium binding pro-
tein} Joa-gato] HEFRA ] Falo} 433 A F
o Fa3 d&3 e Ao E A4, 25 et Al
SHE AR ol g A7t B astee AlsEY

v.2d B

Tl A A S 0] 88 protein microarraye A o
g Aol FQ3H AeE = dal7]solt). AdolRA E-
Eo] QIzt2 B ¥ 0D3147} 3ol APin @2 e] ¢17]
MAI A9 frAlgo] el on, R A ZA = T
o] APin®] HZd FAdA 9 J&2 Al o A7
oA+ protein microarrayE ©]-8-ste] M= L H-5l3}
% Zll APin®] 9&<& gt} a9l

APin protein microarrayE A3t APin T¥id %} =
& AsPds Holn, Ao} WA #Ho] 9l MEF2,
Aurora kinase A, BMPR-IB¢} EF-hand calcium bind-
ing proteing A3t WY A EF0 APin #Ed 2}
HHAA S FE817] $J8lA U6-APin siRNA construct
9} CMV-APin construct® transfectiond}Sitt.
Transfection ¥l protein microarrayel <JsjA el
4709 FAA S RT-PCRZ #H7lseke] b33 & 2
= At

466

1. CMV-APin constructE transfectiond}d APin¢]
HdE GG ZAfol= APing Wde] Falo] 3
=9 e, U6-APin siRNA construct® transfec-
tiondted APin HdE AAAZ] 7 $ol= APine &
2] 2] ket

2. APin¢] #PEdS FE3 2 fod= MEF29 Aurora
kinase A & E5FoA ddo] dJs] 7hagh v,
APin® BAYAE Fxg AFde & LF ¥t
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